Dechlorane related compounds (DRCs), including Dechlorane Plus (syn-DP and anti-DP), 26 
Introduction 42
Flame retardants (FRs) are chemicals added to a wide range of consumer and industrial products (e.g. 43 textiles, furniture, wire coatings, electronics) in order to limit fire initiation and propagation in a 44 context of fire safety (Stapleton et al., 2014) . Some FRs, such as Dechlorane (also called Mirex) and 45 decabromodiphenyl ether have been listed in Annex A of the Stockholm Convention on Persistent 46
Organic Pollutants (POPs) (UNEP, 2001) due to their toxicity to humans and aquatic organisms (Wang 47 et al., 2010) . Thus, Dechlorane Plus (DP), a first Dechlorane Related Compound (DRC), appeared as a 48 workable alternative (EPA, 2014). To our knowledge, DP is manufactured by two corporations in the 49 world: OxyChem in Buffalo, NY, USA (formerly Hooker Chemical Corporation) and Anpon 50 Electrochemical Co., Ltd in Jiangsu province in China (Xian et al., 2011) . 51 DP is produced by a Diels-Alder condensation of two equivalents of hexachlorocyclopentadiene with 52 one equivalent of 1,5-cyclooctadiene. Classified according to particle size, the three types of DP 53 commercial products (DP-25, DP-35 and DP-515) are primarily composed of two stereoisomers, syn-54 and anti-isomers (Zhu et al., 2007 ) (see Table S1 for structures). Although some differences in the 55 ratio of the two stereoisomers are possible due to the variability of production processes, a ratio of 56 1:3 (syn-DP:anti-DP) is commonly considered (Zhu et al., 2007; Jia et al., 2011) . DP has been classified 57 as a high production volume chemical in the USA but a low production volume chemical in the EU 58 (Barón et al., 2012) . Environment Canada also listed DP on Canada's Domestic Substances List 59 (Sverko et al., 2008) . The annual production was estimated to be 450-4500 tons in the USA between 60 1986 and 2006 and 300-1000 tons in China between 2003 and 2005 . Due to its 61 high hydrophobicity (log K ow = 9.3), DP presents a high tendency to adsorb onto organic materials and 62 exhibits a long half-life in the aquatic environment (Hoh et al., 2006) . It is also considered chemically 63 stable in various environmental compartments . From the application perspective, 64 DP is advantageous over brominated-based flame retardants owing to its thermal and photochemical 65 stabilities, lower density and lower production cost (Feo et al., 2012) . 66
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Regarding its occurrence, DP was first reported in air, fish and sediment samples from the Great 67
Lakes region in 2006 (Hoh et al., 2006). Its ubiquitous presence has been confirmed in various 68
environmental matrices all over the world, including wildlife and human, demonstrating that DP is 69 persistent, susceptible to long range atmospheric transport and bioaccumulative (Sverko et At the same time, alternative DRCs based on hexachlorocyclopentadiene as well, such as 78
Dechlorane-601, -602, -603 (Dec-601 to Dec-603) and Chlordene Plus (CP), were also placed on the 79 market (Table S1 ). Little information however is available on the production volumes for these 80 alternative DRCs (Yang et al., 2016 ). We did not find any information about the use or import of Dec-81 601, Dec-602, Dec-603 and CP in France. Dec-602 may still be used in the marketplace while the 82 environmental occurrence of Dec-603 was found to be due, in part, to its presence as an impurity in 83 technical Aldrin and Dieldrin (Shen et al., 2011a) . This family of compounds exhibits properties 84 similar to those of persistent organic pollutants (POPs), such as long-range transport potential, 85 bioaccumulation, biomagnification and low degradation rate Von Eyken et al., 86 2016) . 87
For the determination of DRCs, the majority of studies relies on gas chromatographic separation, 88 followed either by electron ionisation or negative chemical ionisation through electronic capture 89 mechanism, coupled to single or tandem mass spectrometry (EI-MS(/MS) or NCI-MS(/MS)) 90 determination. These methods face insufficient detection limits in some cases with, in other cases, 91 the need of an additional injection for separating DRCs from polybrominated diphenyl ethers (PBDEs) 92
Author-produced version of the article published in Chemosphere, 2018, 207, 413-420. The original publication is available at https://www.sciencedirect.com/science/article/pii/S0045653518309500 doi : 10.1016/j.chemosphere.2018.05.101 (Sales et al., 2017) . Other authors implemented electron ionisation coupled to high resolution mass 93 spectrometry for DP identification and quantification European river basins flowing into the Mediterranean Sea in fish samples collected over 2014-2015. 106 DRCs were detected in fishes from both the Adige (Italy) and the Sava (South-East Europe) river 107 basins, with mean values equal to 7.59 and 3.00 ng.g -1 lw, respectively; they were not detected in 108 fishes from the Evrotas (Greece) river basin. Recent studies reported mean concentrations of DRCs in 109 fishes from two rivers from Latvia with concentrations of 14.8, 0.98 and 11.34 pg.g -1 lw for Dec-602, 110
Dec-603 and DP, respectively (Rjabova et al., 2016) . Part of these results suggests that the prevalence 111 of DRCs in fishes arising from production and industrial zones is higher than in rural places. To the 112 best of our knowledge, the status of DRCs in river fish from France is yet unknown. 113
The aim of the present study was to report occurrence levels of DRCs in Silurus spp. from several 114 river basins in France. This species is largely distributed over the French territory, and known to 115 The extract was fortified with a mixture of 13 C 10 -labelled syn-DP, anti-DP and Dec-602 (4 ng each). 144
Extracted lipids were determined gravimetrically and reconstituted in n-hexane. Then, a two-step 145 clean-up procedure was applied. First, the extract was loaded on a multilayer silica gel column 146 comprising 5 g neutral silica gel, 5 g basic silica gel (NaOH 1 N), 5 g neutral silica gel, 20 g and 25 g 147 acidic silica gel (22% and 44% H 2 SO 4 , respectively) from the bottom to the top, and topped with dry 148 Na 2 SO 4 . DRCs were eluted with 120 mL n-hexane and reconstituted in 500 µL of a mixture of ethyl 149 acetate/cyclohexane 1:1 (v/v). Second, the extract was subjected to a Gel Permeation 150
Chromatography column (58 cm × 24.4 mm) packed with Bio-Beads SX-3 (Bio-Rad, Philadelphia, PA) 151 using a mixture of ethyl acetate/cyclohexane 1:1 (v/v) as mobile phase at a flow rate of 5 mL.min The optimised chromatographic separation of DRCs was obtained using the HT8-PCB column with the 166 conditions hereafter described. Two microliters of the extracts were injected in the splitless mode at 167 280 °C. Helium was used as carrier gas at 1 mL.min , then ramped to 325 °C at 5 °C.min -1 (6 min). Auxiliary 169 and source temperatures were set at 280 °C. The electron energy was set at 38 eV and the filament 170
Author-produced version of the article published in Chemosphere, 2018, 207, 413-420. The original publication is available at https://www.sciencedirect.com/science/article/pii/S0045653518309500 doi : 10.1016/j.chemosphere.2018.05.101 current at 400 μA. HRMS measurements were achieved on a JMS 700D electromagnetic instrument 171 (Jeol, Tokyo, Japan), operating at a resolution of 10,000 according to 10% valley definition. The target 172 analytes were detected in the Selected Ion Monitoring acquisition mode using the two most intense 173 fragments from each molecular ion cluster (Table S2) . 174 175
QA/QC 176
The analytes were identified according to the Commission Decision 2002/657/EC requirements. 177
Particular attention was paid to procedural contamination at any stage of the analytical process. 178
Glassware was rinsed with dichloromethane or, whenever possible, was heated in a muffle oven at 179 400 °C during 4 h. PLE extraction cells with diatomaceous earth were pre-washed prior to use. 180
Procedural blanks were performed from PLE extraction in each batch of samples and treated in the 181 same manner as routine samples (n = 10). The distribution of concentration levels was then used to 182 set a limit of reporting (LOR) by considering the mean value plus three times the standard deviation. 183
When no procedural contamination was observed, a limit of detection (LOD) was defined as three 184 times the noise background. 
Data processing 197
All the results were expressed both on a wet weight (ww) and on a lipid weight ( 
Method performances 209
With regard to achieving optimal GC separation and considering that the same ion at m/z 271.8096 is 210 monitored for most target analytes, the efficiency of four capillary columns was tested: ZB-5HT 211
Inferno, Rtx®-1614, DB-5MS and HT8-PCB. While the three first ones exhibited coelution of Dec-601 212 and syn-DP, generating an identification issue, the HT8-PCB was the only column allowing for their 213 separation ( Figure S1 ). Then, the HT8-PCB column was selected for DRCs analysis. 214
The performance of the method was evaluated with regard to the relative response factor (linearity), 215 the recovery, the limit of reporting (LOR) or detection (LOD) and the precision. Instrumental linearity 216 was evaluated using five calibration standards covering the concentration range from 5 to 500 pg.µL . The obtained relative standard deviation (RSD) and the average relative factor 219 (RRF) for each analyte is presented in the supporting information (Table S3) . The values of RSD for all 220 compounds were lower than 20%, which reflects an acceptable linearity. The average recoveries for 221 13 C 10 -labeled standards were 113 ± 17%, 101 ± 14% and 74 ± 11% for 13 C 10 -syn-DP,
13
C 10 -anti-DP and 222
Author
C 10 -Dec-602, respectively. Trace amounts of syn-DP and anti-DP were detected in procedural blanks 223 with a mean concentration of approximately 1 pg.g -1 ww, based on the average sample size 224 (Table S4) . Based on the approach described in section 2.5, the LOR value was equal to 3 pg.g -1 ww 225 for both. The calculated detection limits (LOD, S/N = 3) of Dec-601, -602, -603, and CP were 0.5, 0.1, 226 0.2 and 0.1 pg.g -1 ww, respectively. The results obtained for the NCP standard mixture showed a 227 satisfying correlation for all the target compounds within the designed value (Table S5) (Table S6 ). The trueness uncertainty was estimated based on the difference between the 233 fortified and non-fortified fish oil, and ranged between -3.0 to +3.0%, except for CP at +20.3% 234 (Table S6) . Finally, these accuracy results led to a relatively high confidence level regarding 235 determination of DP isomers, Dec-602 and -603. CP suffered a slight trueness bias while Dec-601 was 236 not completely evaluated due to non-detectable levels. 237 238 Table 1 summarises the results obtained for the 102 fish samples. Despite lower detection 240 performances compared to other DRCs, at least one DP isomer could be quantified in about half of 241 the fish samples collected in French rivers during 2008-2015. More precisely, syn-DP was detected in 242 33% of the analysed samples, whereas anti-DP was found in 47%. 243
Sum concentration of DP isomers 239
In our study, the concentrations levels of DP in fish (n = 102) ranged from ≤ LOR to 73.8 pg.g -1 ww 244 with an average value comprised between 8.05 (LB) and 11.63 (UB) pg.g -1 ww. The highest 245 concentration of DP was detected in a Silurus spp. from the Jonage channel (a branch of the Rhone 246 River, upstream from Lyon, Figure 1 ), close to a hydroelectric plant. Another fish sample, from the 247 Garonne River, also exhibited a relatively high DP level at 45.1 pg.g -1 ww. This relatively high level 248
was observed in the fish presenting the highest lipid content (12.2%), which is not surprising 249 considering the lipophilic properties of these compounds. Quite similarly, concentrations of DP 250 reported in a recent study on salmon (n = 25) from Latvian rivers in 2012 reached a mean 251 concentration of 11.34 pg.g -1 ww, taking into account values above LOR only (> 50% detection 252 frequencies for syn-and anti-DP) (Rjabova et al., 2016) . This value was about two times lower than 253 the one found in our study based on the same calculation method (22.9 pg.g -1 ww). 254
In order to compare our results with those of other studies, the concentration of DP was also 255 expressed on a lipid weight (lw) basis, ranging from ≤ LOR to 6.01 ng.g -1 lw with an average value 256 comprised between 0.56 (LB) and 1.14 (UB) ng.g -1 lw. These results were an order of magnitude 257 lower than those observed in previous studies focusing on river fish in Asia. The concentration levels of Dec-603 ranged from ≤ LOD to 250 pg.g -1 ww (up to 3.84 ng.g -1 lw) with 298 an average at 12.5 pg.g -1 ww (0.56 ng.g -1 lw). These values were much higher than those reported 299 The sum of wet weight based concentrations of all DRCs (DRCs) was correlated with lipid contents 321 (Speaman test;  = 0.69, P < 0.0001). Dec-602, which is the dominant compound in DRCs, was also 322 correlated with lipid contents ( = 0.69, P < 0.0001). Nevertheless, beside lipids,  value suggests that 323 other factors (unexplored yet) are also influencing DRCs accumulation in European Silurus spp. 324
There was no correlation between DP and other DRCs based on lipid adjusted concentrations, nor 325 between other DRCs themselves, except a moderate correlation between Dec-603 and CP ( = 0.75; 326 Table 2 ). This observation suggests that these DRCs originate from independent uses, therefore 327 spatial sources. 328 Dec-602, which is the dominant compound in DRCs, was slightly more correlated to  6 PCB ( = 0.81, 341 P < 0.0001); it was also correlated to each congener accounted for in  6 PCB (Table S7) Giulivo, M., Capri, E., Kalogianni, E., Milacic, R., Majone, B., Ferrari, F., Eljarrat, E., Barceló, D., 2017. 418
Occurrence of halogenated and organophosphate flame retardants in sediment and fish 419 samples from three European river basins. Sci. Total Environ. 586, 782-791. 420
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